Background: The objective was to understand patients' views of treatment after acute anterior cruciate ligament (ACL) injury, and their reasons for deciding to request surgery despite consenting to participate in a randomised controlled trial (to 'cross-over').
Background
Knee injury, including ACL injury, is a known risk factor for the development of knee osteoarthritis (OA), and it was estimated that about 50% of all individuals with an acute ACL injury develop knee OA within 10-15 years [1] [2] [3] [4] . There is no consistent evidence to suggest that ACL reconstruction actually prevents the development of OA [1, 5] . The lack of clear evidence about long-term consequences related to different treatments can partly be explained by factors precluding randomised controlled trials (RCTs) comparing surgical and non-surgical treatments, and the difficulties of recruitment into such trials. A lack of clinical equipoise, i.e. true uncertainty about which treatment is most effective, is common among surgeons and sometimes precludes surgical RCTs [6, 7] . The influence of patients' preferences and perceptions of equipoise on compliance and willingness to participate is not well explored, and often based on hypothetical trials [8] [9] [10] . Even among participants who agree and understand both clinical equipoise and the process of randomisation, about 10-15% still have a preference for a particular treatment and hope to be randomised to that particular treatment arm [8, 11] .
Trial participants' decisions to leave their allocated intervention arm and 'cross-over' to an alternative intervention confounds interpretation of outcome and has been described as a possible problem in trials of surgical treatments [7] . In a trial comparing surgical and non-surgical intervention for lumbar disc herniation, 30% of participants in the non-surgical treatment arm crossed over to the surgical treatment arm [12] . Studies exploring indepth the reasons for cross-over in musculoskeletal trials are rare. Our study aimed to understand patients' views about treatment after acute ACL injury, and to explore why patients crossed over from the training only to the surgical and training treatment arm despite consenting to participate in a trial comparing the two treatments.
Methods
Participants in this qualitative study were recruited from an ongoing RCT: the KANON-study (ISRCTN 84752559, http://www.controlled-trials.com). The RCT aims to explore short term (2 years) and long term (5 years) effects of surgical reconstruction plus training or training only. Patients aged 18 to 35 years, with a moderate to high level of physical activity and with a complete rupture of the ACL were randomised either to arthroscopic surgical reconstruction followed by physiotherapist supervised outpatient training (exercise), or to supervised training only. Physical activity was assessed using the Tegner activity rating scale [13] , graded from 1 (activities like walking on even ground, playing cards) to 10 (football, rugby, wrestling at a high (national) level of competition). Moderate to high level of physical activity was defined as 5-9 on the Tegner activity rating scale. The presence of ACL injury was confirmed with magnetic resonance imaging (MRI), and patients were recruited to the RCT within four weeks of their injury. A complete description of inclusion and exclusion criteria is provided elsewhere [14] . The ACL reconstruction was performed within 6 weeks after randomisation using bone-patella tendon-bone (BTB) autografts [15] or quadruple hamstrings (Semitendinosus/Gracilis tendon) autografts [16] . The training protocol was based on a consensus report of rehabilitation of ACL injured subjects, developed by the Swedish Association of Sports Medicine and consistent with published literature [17] , and identical for all subjects regardless of treatment arm. The training was moderately aggressive and supervised by physical therapists. Pain, swelling and general discomfort slowed down the progression. Those treated with ACL reconstruction therefore proceeded at a slower pace through the first 2-3 months after surgery. Before randomisation all participants received a DVD containing an interview with an ACL-injured patient not included in the RCT, and a panel discussion with three experienced orthopedic surgeons regarding scientific evidence and clinical opinions for and against the two treatment options [14] .
In the clinical trial 19% of potential participants declined to take part due to an existing preference for one of the treatments [14] . The number who declined participation because they were unwilling to be randomised to surgery (n = 23) was 3-fold the number of patients unwilling to be randomised to the training-only arm (n = 8).
Participants
As this qualitative study aimed to explore the issue of cross-over, participants comprised those individuals who had been randomised to the non-surgical treatment (training only) arm but who had subsequently decided to have surgery. The Knee Injury and Osteoarthritis Outcome Score (KOOS) [18, 19] was completed at the time point for cross-over to assess participants' knee symptoms. December 31 st 2007 was regarded as "end-point" for inclusion in the present study. Of the 59 trial participants randomised to the training only arm, 27 (46%) had crossed-over to surgical reconstruction by the end of 2007 (figure 1). All 27 were invited to take part in this study, some of them before their surgery, and some of them afterwards. On average, cross-over was taking place 14 months (range 3-52) after inclusion (table 1) . In addition, a group of patients who had consented to take part in the trial but who had not yet been randomised were approached (figure 1) . This provided additional information about the views of patients at a time when their opinions were as yet unaffected by the experience of participation in either treatment arm. Patients gave written informed consent to take part, and ethical approval was provided by Lund University (LU 535-01).
Pre-surgery cross-over group
All patients in the training only treatment arm who opted for surgery between January 2006 and December 2007 (n = 12) were contacted by telephone and invited to the presurgery group. Eleven patients (6 men and 5 women) consented to take part and only one (a woman) declined participation. All except one of the patients in this group were interviewed prior to surgery. The participant (KA1081) who was interviewed after surgery had undergone surgery just two days prior to interview and the topics covered in her interview were the same as those covered with the rest of the group. Interviews with this group focused on experiences of the training intervention and reasons for requesting surgery.
Post-surgery cross-over group
Patients in the training only group who opted for surgery and who had an ACL reconstruction at least 6 months prior to the start of the qualitative study (n = 15) were invited to take part in the post-surgery group. Eleven patients (9 men and 2 women) agreed to be interviewed. Two could not be reached by telephone (one man and one woman). One man preferred not to be interviewed, and one man did not attend the interview and thereafter could not be reached. Participants in this group were interviewed, between 6 months and 2 years after having surgery, about their reasons for requesting for surgery, and their views and experience of treatment of ACL injury.
The pre-randomisation group
The final fourteen patients recruited to the RCT were contacted by telephone before randomisation and were interviewed about their experiences of ACL injury and treatment preferences. Two interviews were excluded from analysis: one due to recording failure, and one woman who had already been randomised at the time of interview. This left 12 patients (9 men, 3 women) in the prerandomisation group.
Two of the men (KC2066, KA2105) interviewed in the pre-randomisation group were randomised to training only but opted for surgery during the study. They also agreed to be interviewed before their surgery as well. In total, 34 interviews were conducted with 32 people, 22 men and 10 women, aged 20-38 (Table 1) .
Interviews with members of the post-surgery group were performed face-to-face at a place chosen by the participant. Because of limited time between a participant's decision to cross-over and their date for surgery in the presurgery group, and from a participant's agreement to take part in the RCT and their allocation to a treatment arm in the pre-randomisation group, interviews had to be scheduled and conducted with some speed while also at the convenience of the participants. Interviews with members of the pre-surgery and the pre-randomisation groups were therefore conducted over the telephone. Themes brought up by the participants were followed-up by probing. All interviews were audio-recorded, and conducted and transcribed verbatim in Swedish. Transcripts were translated into English by the interviewer (CT).
Analysis
Data was analysed using the Framework approach [20, 21] . Briefly, the analysis began with reading and rereading the transcripts and listening to the audio-recordings to obtain an overview of the data. The data was then coded inductively (indexing), and an index list was devel- Interviewed pre-surgery, n=11
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Could not be reached, n=2
oped. The index codes were then further refined and applied systematically to all data. Content-related index codes were grouped together into categories, which were revised as the analysis progressed. Subsequently, the data was organised into "charts", or tables, to allow comparison within and between cases and categories. During this stage the original context was revisited several times to ensure appropriate assignment of data. Patterns were identified, further refined to describe the conceptions of the participants, and illustrated with quotations from the interviews. To ensure the appropriate assignment of indexed data, transcripts and charts were cross-checked by an experienced qualitative researcher (RG-H) on multiple occasions.
Results
Participants in the pre-surgery and post-surgery groups described reasons for their decision to opt for surgery despite having been randomised to the non-surgical intervention arm. These reasons were grouped into three main categories: a strong pre-existing preference for surgery; a poor experience/outcome of training; a desire to regain pre-injury status. By comparison, participants in the pre-randomisation group discussed the preference for surgery and their desire to regain pre-injury status and possible determinants for outcome of training. In all three groups surgery was seen as facilitating return to sporting activity, although participants also discussed the possibility of surgery failing and the future risk of developing OA. A com- mon view among members of all three groups was the belief that their own recovery time would be shorter than average.
A strong pre-existing preference for surgery Participants in all three groups were more aware of surgery and training than training only as a form of treatment for ACL injury. Surgery was described as necessary to achieve joint stability and thereby to prevent re-occurrence of injury: Several participants in the pre-and post-surgery groups said that they had wanted surgery from the beginning. This was particularly clear when members of the post-surgery group reflected on their reasons for choosing surgery. Some felt persuaded to take part in the RCT:
I wanted surgery from the beginning, but I felt persuaded to try training after randomisation. I had surgery in the back of my head all the time, even when I did give training a decent go (KC1043, male, post-surgery group)
Others joined the study with a view to bypassing waiting lists and obtaining access to particularly skilled surgeons:
I saw the study as a faster way to surgery, no matter what treatment arm I was randomised into (KA1083, female, post-surgery group)
In the pre-randomisation group, participants were split between those who expressed a preference for surgery, those who said that they would prefer training and those who said that they did not prefer one treatment over the other. Among those who described a preference for surgery, some used a metaphor of 'repair':
I would like to have surgery done, then it feels as if you've done what you could, seen what's broken and had it repaired (KC2066, male, pre-randomisation and pre-surgery groups)
Preference for training only treatment was sometimes based on concern about surgery:
I am a bit sceptical about having them cut my knee, or whatever they do when they do this surgery. It's better to have it done more naturally. [I] don't like them to rummage about in my knee, [I] think it might feel worse afterwards (KC1122 male, pre-randomisation group)
Those who did not express a preference for one treatment over the other talked about the uncertainty about the value of one treatment over the other and described 'trust' in the doctors:
I don't care, since they don't know, but I trust the doctors (KC2075, female, pre-randomisation group)
Participants were pragmatic in their approach to treatment, describing a desire to try the non-surgical option first since they could still opt for surgery if training was not successful, and then they had tried all treatments available. Participants in the pre-and post-surgery groups all expressed this view as did participants who were still awaiting randomisation:
You can't undo surgery, but if you have training and don't get well you can always have surgery (KC2075, female, pre-randomisation group)
A poor experience/outcome of training Participants who had undergone the training intervention but who had then opted for surgery discussed their experience of training. Several described training as boring or as too time consuming, both of which presented obstacles: For some the lack of improvement with training had an impact on mood:
I did an honest attempt to do training 3 days per week for a couple of months, without improvement. I thought about getting back to work 5 months after injury, but after 3 months I knew that was not going to happen. The last 2 months nothing happened. I felt hopeless and got into a depression (KC1043, male, post-surgery group)
Outcomes of treatment were sometimes viewed as partly beyond participants' control. In these instances, participants described results as related to external factors like anatomical differences, type of injury, surgeons' skills, luck, and healing ability:
If I fail, it might have something to do with my ability to heal, not with my training.... My muscles might be too weak or not be able to grow as fast as it takes (KA1167, male, pre-randomisation group)
For others, the occurrence of knee trauma influenced the outcome:
I was very pleased with the results from training until I slipped on ice. My legs disappeared, and I tried to keep the balance. It was bad luck, I got all my weight on my injured knee, and it gave way. (KC1046, female, pre-surgery group)
Other participants were convinced that their effort, selfdiscipline, and whether they followed the regime were crucial to success:
I had 6 months of supervised training, and then I went abroad and was supposed to do exercises on my own. Maybe if I had had a couple of more months to increase the strength sideways and in [collateral] ligaments. It's my fault; I was the one who moved away (KA2111, female, pre-surgery group).
A common belief among participants in all groups was that their own recovery time would be shorter than average, because of their motivation to succeed and their preexisting good physical condition:
I've always built muscles very easy, so I might not need 6 months of rehab (KC2075, female, pre-randomisation group)
A desire to regain pre-injury status Participants from all three groups described their desire to continue with sporting activities. In the pre-and post-surgery groups participants also expressed dissatisfaction with sporting ability following the training intervention. Concerns included inability to perform sports at previous levels, and the experience of their injured knee 'giving way' during activities. Along with existing beliefs about the value of surgery, these concerns contributed to the decision to opt for surgery:
I want to be able to do things like football just for fun without fear of the knee giving way. I don't want to be worried about future injuries either. I had multiple injuries, and I think the odds of succeeding with training were bad because of that. (KA2105, male, pre-surgery group)
In describing failure to perform sports, participants described their efforts to return to previous activity levels:
It felt good after training, but it didn't last through the real test [football] (KA2027, male, post-surgery group)

When I started to play football I noticed it wasn't as good as I first thought. I could run without problems, but I didn't feel stable playing football. I thought it would get better, but even if I trained hard it didn't work, so I wanted surgery (KA1008, male, post-surgery group)
Episodes of the injured knee 'giving way' during sports was said to be the precursor for ongoing stability problems:
I felt good, but then I started to play [indoor bandy] again. I played a game, and it went really well almost the whole game, but towards the end I had an unlucky tackle. I had a give-way, and since then the instability has been a lot worse (KC1121, male, pre-surgery group)
Not everyone described an episode of give-way, but many talked about lack of stability and lack of trust in the ability of their injured knee to provide support particularly on 'uneven' ground:
The Participants who were interviewed following surgery described their views on their outcome. Four of the eleven participants interviewed 6 months or more after surgery said they were satisfied with the results, while 7 were somewhat dissatisfied. However, these statements appear to mask more mixed views about outcome, for instance, two of the participants who said they were satisfied never returned to their previous sporting activities. Dissatisfaction was related to pain, lack of sensation, difficulties kneeling, swelling after activities, and crepitus. Participants adapted or revaluated their lifestyle to cope with the results.
Discussion
Patient preferences are known to affect recruitment to randomised trials. Patients who prefer one of the possible treatments to the other(s) are less likely to consent to take part [8, 11] . Lack of patient equipoise has been shown in other randomised controlled trials comparing surgical and non-surgical interventions [7, 12] . This qualitative study shows that those participants who agreed to be randomised but who had strong preferences for surgery saw trial participation as a means to circumventing waiting lists. However, this is possibly a phenomenon applicable only to countries where health care is incorporated in the welfare system, and high frequencies of scheduled surgeries result in waiting lists and delayed surgery. On the other hand, waiting lists in standard care could, if combined with training, allow for patients to try rehabilitation before decisions about surgical treatment are made. A screening examination might also be a helpful tool to in the decision-making to determine the chances for physically active individuals to succeed with non-surgical treatment [22, 23] . Some participants in this study decided to 'risk' randomization to the training alone intervention as a first line of approach, but felt that surgery remained an option for them if training did not confer the desired results in an acceptable timeframe. A recent prospective study that aimed to identify potential "copers", i.e. patients who after a screening examination were considered as likely to succeed with non-surgical treatment, showed that 40% of those who were classified as copers still opted for surgical reconstruction [23] . This might be explicable by our findings which indicate that the reasons behind patients' decisions to opt for surgery may in fact relate to strategy and pre-existing preferences rather than ability to cope.
There is a strong preference for ACL reconstructive surgery within the orthopaedic surgeon community in the US, in Canada, and in Europe [6, 24, 25] . It is a common belief that an ACL reconstruction is needed to participate in sports, also on lower recreational levels, although evidence from high quality scientific trials in support of such beliefs are lacking [5] . Current sports medicine literature recommends return to pre-injury sports activities approximately 6 months after ACL surgery [26] . Despite ostensible satisfaction with surgery in this study, more detailed exploration of experience showed patients' expectations were often not met. This may be related to the belief that surgery could provide pre-injury status alongside belief in personal ability to recover more quickly than others. The delayed recovery and return to sports after ACL reconstruction surgery are known to cause frustration [27] . Our results show that some patients also feel this way about training treatment alone, as several participants thought it was possible for them to recover faster than average. Failing to fulfil these expectations caused disappointment and frustration, reduced confidence in training and reinforced the desire for surgery. This is supported by the findings from a recently published study showing that 72% of patients who opted for and underwent non-surgical ACL treatment successfully returned to high-level sport activities in the short term [23] . However, 10 years later 67% had undergone surgical reconstruction.
Return to pre-injury level of sports is often used as an outcome measure of successful treatment after ACL injury [28] [29] [30] [31] , and patients often believe that surgical reconstruction of the ACL is needed to be able to practice sports [27] . The return to sport after ACL injury is a much debated outcome [32] . In the present study, which included physically active people, everyone expressed a desire to return to sports. Stability was seen as crucial for successful return to sports, and therefore was an important treatment goal. Although stability alone does not explain the return to sports [33] and people's views about the importance of return to sports shift during the time they are injured [27] , patients' views about how they may achieve optimal outcomes are key to treatment decisions.
The in-depth qualitative interviews enabled participants to describe and define their own experience of ACL injury, treatment, trial participation and cross-over. Furthermore, by the end of data collection no new themes were emerging from the data, which indicates that 34 interviews was an adequate number for this study. By selecting patients from three groups (pre-randomisation, pre-and post-surgery) we were able to explore views from participants at different stages in the clinical trial process. Since the study aimed to examine cross-over, we did not include trial participants who had been randomised and had remained in their allocated arm, whereas inclusion of participants prior to randomisation provided valuable data about preferences regarding treatment options that was still unaffected by the experience of one treatment arm or another. Future work might aim to follow trial participants from both training and surgical arms through the process of a trial in a longitudinal, prospective design.
Conclusion
This study shows that participants in a trial of treatments for acute ACL injury express a variety of views and beliefs about those treatments, and trial participation happens in the absence of equipoise. Furthermore, opting for surgery does not necessarily provide patients with satisfactory outcomes, and this may be related to expectations about stability, return to sports and ability to recover. This suggests that definition of successful outcome may require an individualised approach, incorporating patients' as well as surgeons' views before treatment decisions are made.
